The wastewater generated by the textile industry is rated as the most polluting among all industrial sectors considering both volumes discharged and effluent composition. Present investigation intended for COD and color removal from textile wastewater using naturally prepared coagulants i.e. Surjana Seed Powder (SSP), Maize Seed Powder (MSP) and Chitosan. Effect of coagulant dose, flocculation time and temperature has been studied. The Sludge Volume Index (SVI) and turbidity were examined for various effects. SSP was more effective than Chitosan and MSP for the removal of COD and color and also, Chitosan was more efficient than SSP and MSP considering SVI and turbidity. Maximum percentage reduction corresponds to 75.6 and 62.8 was obtained for removal of COD and color respectively, using SSP.
INTRODUCTION
In view of growing awareness of pollution problems, dispersal of organic contamination in the environment is becoming a matter of concern. Ever increasing use of chemical and related compounds in each and every field of industry and ever agriculture summons an urgent need of method for their effective removal from water and wastewater. Increased population and modernized civilization trend gave rise to blooming of textile sectors in India. An estimate shows that textiles account for 14% of India's industrial production and around 27% of its export earnings. India is the second largest producer of cotton yarn and silk and third largest producer of cotton and cellulose fiber. The total production of yarn during the year 2003-2004 was 3051 kt. There are about 10,000 garment manufacturers and 2100 bleaching and dyeing industries in India (Ranganathan et al., 2007) . However, the textile industry is facing major problems in the disposal of wastewater generated from textile dye and finishing processes. Textile dye wastewater contains strong color, high Chemical Oxygen Demand (COD), high total dissolved solids and is also bio-refractory in nature. The mostly polluted and large amounts of wastewaters are generated from the dye-houses of the textile industry (Muthukumar et al., 2004) . Traditional methods for dealing with textile wastewater consist of various combinations of biological, physical and chemical methods. Biological treatment of dyeing wastewater is cheaper than other methods, but it is less efficient for decolorization due to toxicity of the wastewater and the need for an aeration system. Although the dyestuff and colored materials in wastewater can be effectively destroyed by advanced chemical oxidation such as UV/H2O2, O3 and adsorption using activated carbon, the costs of these methods are relatively high for an economically feasible treatment of the textile wastewater (Kobya et al., 2006) . The removal of particles and organic matter from wastewater is often achieved by coagulation, usually performed with iron or aluminum salts. Coagulation can be interpreted as the conversion of colloidal and dispersal particles into small visible floc upon addition of a simple electrolyte (coagulant). Increasing the concentration of the electrolyte results in a compression of the electrical double layer surrounding each suspended particle, a decrease in the magnitude of the repulsive interactions between particles and destabilization of the particles. The most common traditional coagulant used in wastewater treatment is alum, iron (III) salts and PAC (polyaluminum chloride), due to its effectiveness in treating a wide range of wastewater type and relatively low cost (Rahbar et al., 2006) . But, recent studies have pointed out several drawbacks of using aluminum salts, such as Alzheimer's disease associated with residual aluminum in treated water and production of large sludge volumes. There is also the problem of reaction of aluminum with natural alkalinity present in the water leading to a reduction of pH and low efficiency of coagulation in cold waters. To ease the problems associated with chemical coagulants, several studies have pointed out the introduction of naturally prepared coagulants produced or extracted from microorganisms, animals, or plants (Vieira et al., 2010) . Some naturally prepared coagulants for contamination removal were also investigated (Oladoja and Aliu, 2008; ). Previously we successfully remove Congo Red dye from its aqueous solution using naturally prepared coagulants viz. SSP, MSP and Chitosan (Patel and Vashi, 2012) . Present study was proposed to remove COD and color from real textile mill wastewater using naturally prepared coagulants viz SSP, MSP and Chitosan. The effect of various parameters like coagulant dose, flocculation time and temperature were investigated. The Sludge Volume Index (SVI) and turbidity were evaluated for various parameters.
MATERIAL AND METHODS Surjana Seed Powder
Surjana Seed is a seed of tropical plant of Moringa oleifera belonging to family of Moringaceae. Moringa oleifera is the most widespread species which grows quickly at low altitudes, generally used as vegetable, medicine and sources of vegetable oil. The Surjana is easily available in Indian region. The mature seed of plant seed was washed with water to remove dust and were dried in an oven at 60 ± 2 °C. The dried seed were crushed and powdered and sieved through 200 µm nylon sieves and used as coagulant. Previously removal of dye, surfactant and other contaminations using Moringa oleifera seed was studied by some scientists (Beltran-Heredia and Martin, 2008; Bhatia et al., 2006; Kwaambwa et al., 2010) . The chemical composition and other properties like active agent of seeds of Moringa oleifera Lam was demonstrated by Ndabigengesere et al. (1995) and Gassenschmidt et al. (1995) .
Maize Seed Powder
Maize (scientific name: Zeemays) is commonly known as corn in some countries. The Maize seed is easily available in Indian region. The mature seed of plant seed was washed with water to remove dust and were dried in an oven at 60 ± 2 °C. The dried seed were crushed and powdered and sieved through 200 µm nylon sieves and used as coagulant. Researchers had tried to utilize maize seed as coagulant/ coagulant aid (Raghuwanshi et al., 2002; Mandloi et al., 2004; Bhole, 1995) .
Chitosan
Chitin is cellulose like biopolymer widely distributed in nature, especially in marine invertebrates, insects, fungi, and yeasts. Its deacetylation of chitin [poly-β-(1 → 4)-N-acetyl-Dglucosamine], is readily soluble in acidic solutions, which makes it more available for applications. Chitosan is a yellow colored powder, biodegradable, non-toxic, linear cationic polymer of high molecular weight with a variety of applications including water treatment, chromatography, additives for cosmetics, textile treatment for antimicrobial activity, novel fibers for textiles, photographic papers, biodegradable films, biomedical devices, improvement of quality and shelf-life of food and microcapsule implants for controlled release in drug delivery. Also, it is utilized for recovery of suspended solids in processing wastes from poultry, eggs, cheese and vegetable operations. It was procured from Sigma Aldrich, India. Many scientists were successfully utilized Chitosan as coagulant (Roussy et al., 2005; Szygla et al., 2009) , adsorbent (Minamisawa et al., 2004; Gibbs et al., 2004) and with adsorbent (Huang and Chen, 1996) .
Experimental Design
The textile wastewater samples were withdrawn from Pandesara, GIDC, Gujarat, India in sampling bottles and placed in ice box to preserve the characteristics of wastewater. The wastewater was analyzed as per standard method (APHA, 1992) . For treatment of the wastewater samples, the required dosages of the coagulant was added to a small portion of the wastewater sample, stirred well and kept in contact for the requisite flocculation time and at the desired temperature under investigation and then filtered. Important physico-chemical characteristics viz. COD and color was determined before and after treatment. To determine the effect of different amounts of naturally prepared coagulants like SSP, MSP and Chtiosan, the wastewater was treated with 5.0, 10.0, 15, 20.0, 25.0 and 30.0 g L -1 of each coagulant for constant flocculation time (120 min) at constant temperature (300 K). The effect of flocculation time was studied by treating the wastewater with 20.0 g L -1 of SSP, MSP and Chtiosan at constant temperature (300 K) and for durations of 15 to 150 minutes at constant temperature (300 K). To determine the effect of temperature, the wastewater was treated with 20.0 g L -1 of SSP, MSP and Chtiosan for constant flocculation time (120 min) at various temperatures (298, 303, 308, 313, .318, 323 and 328 K) . The neutral pH of system was maintained by 1.0 N HCl or 1.0 N NaOH during experiment. All other chemicals used were of analytical reagent grade. Also, the characterization of sludge produced was measured in terms of Sludge Volume Index (SVI) and turbidity was determined using standard method for all process parameters. . High value of contaminations are presented due to usage of wide range of chemicals such as starches, dextrin, gums, glucose, waxes, pectin, alcohol, fatty acids, acetic acid, soap, detergents, sodium hydroxide, carbonates, sulfides, sulfites, chlorides, dyes, pigments, carboxy methyl cellulose, gelatin, peroxides, silicones, flourcarbons, resins, etc. in wet processes of textile mill. Same types of contaminations were found, while investigating textile wastewater (Kuai et al., 1998; Bisschops and Spanjers, 2003) .
RESULTS AND DISCUSSION

Effect of Coagulant Dose
Coagulation dosage is one of the most important factors that have been considered to determine the optimum condition for the performance of coagulants in coagulation and flocculation. Essentially, insufficient dosage or overdosing would result in the poor performance in flocculation. Therefore, it is significant to determine the optimum dosage in order to minimize the dosing cost and sludge formation and also to obtain the optimum performance in treatment. The effect of coagulant doses, 5 to 35 g L -1 for the removal of COD and color from dyeing mill wastewater maintaining temperature of 300 K and flocculation time 60 min using Chitosan, SSP and MSP was shown in Table 1 . It shows that there was continuous removal with increases in coagulant doses up to 30.0 g L -1 , which may be due to increases of substantially. Natural seed have been found to act as coagulant because natural seeds are naturally occurring polyelectrolytes (bio colloids). In wastewater in act as polyvalent ions, this polymer chain carries a very large numbers of ionic sites along its length. Coagulation takes place by the neutralization of charges on the electronegative colloids particles by this ionized centre or by hydrogen among the charged surfaces. Electro static cross linkage also binds the linear chain together. The same/ lower removal value of COD and color after 30.0 g L -1 indicates that a optimum dose of 30.0 g L -1 was found for all coagulants investigated. The highest removal of COD and color was found to be 70.3 and 62.8 % respectively using SSP. Further, highest removal of COD and color was found to be 68.8 and 47.0 % respectively using MSP. Moreover, highest removal of COD and color was found to be 64.7 and 42.8 % respectively using Chitosan. This may be as a result of resuspension of solids at this concentration. Furthermore, the high concentrations (>30.0 g L -1 ) of the coagulant may be confer positive charges on the particle surface (a positive zeta potential), thus redispersing the particles (Amuda et al., 2006) . 
Effect of Flocculation Time
The time of macrofloc formation (flocculation time) is one of the operating parameters that is given great consideration in any water treatment plant that involves coagulation-flocculation operations. . The consistence increment of removals was revealed with increasing flocculation time up to 120 min, and thereafter percentage removal was decreased or no percentage removal was found. The optimum flocculation time was reached at 120 min. The highest removal of COD and color was found to be 75.6 and 52.8 % respectively using SSP. Further, highest removal of COD and color was found to be 74.7 and 48.9 % respectively using MSP. Moreover, highest removal of COD and color was found to be 69.6 and 42.8 % respectively using Chitosan. Such results of removals with increasing flocculation time were reported earlier (Ebeling et al., 2003; Omar et al., 2008; Fu and Yu, 2007) . 
Effect of Temperature
The effect of temperature on COD and color removal using Chitosan, SSP and MSP was investigated at 298, 303, 308, 313, 323 and 328 K and data were represented in Figure 2 . The nature of curve shows that the percentage removal was continuously increasing with increasing temperature. A straight line was observed after 323 K. So, optimum temperature was attained at 323 K for all coagulants. The highest removal of COD and color was found to be 74.9 and 67.1 % respectively when SSP was used. Further, highest removal of COD and color was found to be 72.6 and 58.5 % respectively when MSP was used. Moreover, highest removal of COD and color was found to be 69.6 and 47.3 % respectively when Chitosan was used. At higher temperature, higher percentage removals were achieved may be due to better floc settlement when the temperature increases. Such types of removal pattern were found by various investigators (Jiang and Graham, 1996; Rios et al., 1998) . 
Analysis of SVI and Turbidity
The stability of the microbial aggregates in activated sludge and the effluent quality are crucial in solid-liquid separation processes. Commonly, SVI is the most suitable factor to define the sludge settling ability. The SVI parameter indicates the morphological and settleability state of the microbial aggregates. Sometimes, high numbers of small aggregates and free bacteria, which do not settle, can lead to a high turbidity of the treated effluent. If they are well flocculated, they will become a part of the settling matrix. If not, they will not settle and contribute to higher turbidity. Table 2 mentions the average values of SVI and turbidity using various parameters like coagulant dose, flocculation time and temperature for removal of COD and color from dyeing mill effluent. The decreasing order of SVI was found to be: MSP > SSP > Chitosan. It indicates that lowest SVI are found more desirable by using Chitosan. The average values of SVI for all parameters were found to be 331.2, 402.7 and 402.7 ml g -1 using Chitosan, SSP and MSP, respectively. So, higher values of SVI were found using MSP, than, SSP and Chitosan, respectively. Higher SVI values, which suggest poorer sludge compaction characteristics, were observed for MSP and Chitosan, respectively. So, Chitosan is considered as a significant coagulant than SSP and MSP for all parameters investigated corresponding to SVI values. This phenomenon of Chitosan for SVI could be explained based on charge density. If compared to the other coagulants like SSP and MSP, Chitosan has a high charge density. Moreover, the charge density of the polymer increased when polymer adsorption increased. Therefore, this signifies the rapid destabilization of the particles. In other words, it can be defined as Chitosan, a coagulant which has a high charge density, requires a less amount to destabilize the particles. The effluent turbidity enhances for all coagulants investigated, despite the SVI decrease, which could be due to several reasons: the inhibition of Wastewater Treatment Plants (WWTPs) regulatory action towards the dispersed bacteria due to the protozoa's decline with salt content increase; and certain species of microorganisms may collapse due to stress leading to the release of their cellular components into the bulk increasing turbidity. With salt concentrations, the higher stress on the microbial cells decreases coagulation and flocculation abilities, which may increase the effluent turbidity. The obtained results for the settleability properties suggested that SVI and turbidity are not directly related. Furthermore, it seems reasonable to assume that both measurements are complementary, and, therefore, turbidity can be a valuable indicator towards the assessment of the aggregated biomass structure (Patel and Vashi, 2012) . The average values of turbidity for all factors i.e. coagulant dose, flocculation time and temperature) including process optimization were found to be 359.6, 426.6 and 549.6 NTU using Chitosan, SSP and MSP, respectively. 
CONCLUSION
(1) The feasibility for treatment of textile mill wastewater using naturally prepared coagulants viz. SSP, MSP and Chitosan in order for removal of COD and color is analyzed. (2) The comparative study of these coagulants SSP, MSP and Chitosan are conducted, in which SSP was more preferable than Chitosan and MSP for the removal of COD and color. . (5) The average maximum SVI and turbidity was found to be 402.7 ml g -1 and 549.6 NTU respectively using MSP and average minimum SVI and turbidity was found to be 331.2 ml g -1 and 359.6 NTU respectively using Chitosan. Therefore, Chitosan was more preferable than SSP and MSP, respectively.
